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B. (1) In the fourth part of study, following the third,"-" the review

article concerned with the dynamic applications of piezoelectric crystals is

checked with emphasis on its editing and styling, and the article with its

233 references is published. Then, an updated review of the open literature

is prepared which deals with waves and vibrations in piezoelectric elements.-

and especially in those elements subjected to residual stresses and strains.

This survey article summarizes the advances and trends on the subject, and

it will be written up fcr publication.

To reproduce some or all the fundamental equations of nonlinear piezoelectricity

in variational form, certain integral and differential types of variational

principles& are deduced from Hamilton's principle by augmenting it through

the dislocation potentials and Lagrange undetermined multipliers. This work

is checked, minor revisions are made, and then it is accepted for publication,..

The variational principles lead, as their Euler-Lagrange equations, to the, w

fundamental equations of electroelastic solid with small piezoelectric

coupling and those of piezoelectric solid subjected to initial stress. Similar "

variational principles are formulated for a thermopiezoelectric solid with or !

without initial stress. The generalized variational principles are extracted

from the principle of conservation of energy by augmenting it again through ,

Friedrichs's transformation. hs principles recover those extracted from

either Hamilton's principle' or the principle of virtual work 3,6 for the case

when the effect of temperature increment is abrogated. The variational-..

principles derived are used in constructing the system of two-dimensional, ,

approximte equations of, high frequency vibrations of thermopiezoelectric

shell," nonlinear viC -aLions IF piezoceramic shell" and vibrations of

thermopiezoelectric shell under a bias.13

By use of the methodology described in the Second and Third Interim Reports,"
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the effect of material inhomogeneity and nonlinearity and that of temperature

increment are studied in piezoelectric elements." -'','' First, the effect of

material nonlinearity is investigated in piezoelectric shells and plates;!
-

this can be considered as an extension of our earlier treatment of vibrations

of quartz bars." A finite series representation in terms of the thickness

coordinate is employed for the field quantities of piezoceramic shell. The

series expansions of field quantities are inserted into the appropriate

variational principle formulated and the integrations are carried out across

the tnickness of shell. Thus, a system of two-dimensional, governing equations

of piezoceramic- shell coated with perfectly conducting electrodes is S

consistently derived in terms of the resultants of field quantities. The system

of electroelastic equations accommodates the high frequency extensional,

thickness-stretch and -shear and flexural motions as well as copuled

nonlinear motions of piezoceramic shell of uniform thickness. Also, attention

is confined to special cases, and it is shown that the resulting electroelastic

equations agree with and contain certain earlier ones for the case when the

effect of nonlinearity and/or the curvature effect are abrogated.
3 , ,''7

Paralleling to the derivation of the system of electroelastic equations of high

frequency nonlinear vibrations of piezoceramic shell above, a system of

governing equations is formulated for vibrations of piezoceramic shell

accounting for coupling of mechanical, electrical and thermal fields. The

differential type of variational principle formulated for thermopiezoelectricity

together with the power series expansions of field quantities in the thickness

coordinate is used so as to establish the system of two-dimensional equations of

successively higher orders of approximation of piezoceramic shell. The system

of electroelastic governing equations are properly truncated as deemed

necessary in any particular motion of piezoceramic shell. Also, a theorem of
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uniqueness is proved in solutions of the truncated system of electroelastic

equations of thermopiezoelectric shell, and the sufficient face- and edge-

conditions are enumerated for the uniqueness. This work will be presented in

a forthcoming technical meeting."' I

As before, a system of two-dimensional electroelastic equations is derived for

small dynamic fields superposed on a static linear bias of thermopiezoelectric

shell.' 3  The appropriate variational principle and the linear expansions of

field quantities in the thickness coordinate are used in a consistent derivation

of the system of electroelastic governing equations of piezoelectric shell

subjected to initial stress. The static version of the linear two-dimensional I

equations will be used to determine the static biasing stresses and strains undel

a variety of circumstances. The biasing stresses thus determined will be used

in the system of electroelastic equations to compute the influence of the bias

on the dynamic behavior of prestressed thermopiezoelectric shell. This work is

submitted for presentation in a technical meeting."3
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B. (2) In the remainder of the contract period, certain numerical

solutions will be obtained by use of the lower order electroelastic equations

of piezoelectric elements derived in the earlier parts of study, the papers

presented at the technical meetings will be prepared for publication in

periodicals and the draft final technical report will be written up.

B. (3) The author will attend and present the paper entitled "Thermopiezo-

electric equations of High Frequency Vibrations of Ceramic Shells" at the S

115th Meeting of the Acoustical Society of America, Seattle, Washington, May I

1988, he will attend the 42nd Annual Frequency Control Symposium, Baltimore,

Maryland, June 1988, and he will meet the interested people and discuss some •

problems on the subject at the two meetings and the universities. %

(*) is used to designate the research sponsored in part by the United States

Army through its European Research Office.
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